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XQPHOWHGDUHDDQGGLUHFWO\ERXQFHVRIIWKHGHSRVLWHGDUHD7KHHIILFLHQF\UDWLRRIWUDSSHGSDUWLFOHVFDQGURSWR
GHSHQGLQJRQ WKHFRQILJXUDWLRQDQG ODVHU VSRW VL]H $UUL]XELHWDHWDO7KHUHIRUHD UHODWLYHO\KLJKZDVWHRI
PHWDOOLFSDUWLFOHVLVJHQHUDWHGLQVRPHFDVHVDVKLJKDV&DUURO
7DNHQLQWRDFFRXQWWKHVSHFLILFFKDUDFWHULVWLFVWKDWPHWDOOLFSRZGHUXVHGLQ/0'SURFHVVVKRXOGSURYLGHDVVL]H
WKH W\SLFDOVL]HRISRZGHU UHFRPPHQGHG IRU/0'DQG(%0WHFKQRORJLHV LV ORFDWHGEHWZHHQDQG WR
ȝP WKDW GLIIHUHQWLDWHV LW IURP RWKHU DGGLWLYH PDQXIDFWXULQJ ODVHU SURFHVVHV SRZGHU EHG V\VWHPV ZLWK ILQHU
SRZGHU SDUWLFOHV EHORZ  WR  (30$  LQ DGGLWLRQ WR UHTXLUHPHQWV RI VSKHULFDO VKDSH RU SODQH JUDLQ
VXUIDFHRULJLQDWHWKDWWKHFRVWRIWKHSRZGHULVKLJKHUWKDQRWKHUUDZJHRPHWULHVDVZLUHRUVKHHWDQRWKHUSUREOHPLV
WKDW WKHSRZGHUXVHG LQ/0' LVQRW LQWHUFKDQJHDEOHGXH WRSUREOHPVRI IORZDELOLW\ZLWKSRZGHU IRUSRZGHUEHG
V\VWHPV 2Q WKH RWKHU KDQG FRVW RI SRZGHU FODGGHG PDWHULDO LV XVXDOO\ WKUHH RU IRXU WLPHV KLJKHU WKDQ FDVWHG
PDWHULDO0RUHRYHULWPXVWEHWDNHQLQWRDFFRXQWWKDWPHWDOOLFSRZGHULVDKD]DUGRXVDQGGLIILFXOWWRWUHDWZDVWH,WLV
DOVR LPSRUWDQW WRFRQVLGHU WKH W\SLFDOSRZGHU VL]H LQ/0'SURFHVV UDQJHV IURP WRPLFURQVDQG WKHUHDUH
DVVRFLDWHGKHDOWKDQGVDIHW\LVVXHV%HQVRQ
,QGXVWULDODGYDQWDJHVRIWKHUHFRYHU\RIWKHQRQGHSRVLWHGSRZGHUDUHFOHDU,QIDFWWKHUHDUHVHYHUDOZRUNVWKDW
HYDOXDWHWKHLPSDFWRIWKLVUHFRYHU\+RZHYHUPRVWRIWKHUHVHDUFKLQ/0'KDVEHHQIRFXVHGRQWKHSDUDPHWHUVRI
WKH SURFHVV OLNH RYHUODS GLVWDQFH /LX  .DPDUD  ODVHU SRZHU IHHG UDWH 7DEHUQHUR  RU WKH
PHWDOOXUJLFDO SURSHUWLHV RI WKH PDQXIDFWXUHG FRPSRQHQWV %HVLGHV WKHVH VWXGLHV VRPH UHVHDUFK FDQ EH IRXQG
SXEOLVKHGRQWKHUHF\FOLQJRISDUWLFOHVLQRWKHUSURFHVVHVRIDGGLWLYHPDQXIDFWXULQJZKHUHD7L$O9WLWDQLXPDOOR\
KDV EHHQ VWXGLHG DV HOHFWURQ EHDP PHOWLQJ (%0 SURFHVV 3HWURYLF  DQG VHOHFWLYH ODVHU PHOWLQJ 6/0
SURFHVV6WURQGO$UGLODHWDOSXEOLVKHGDZRUNUHSRUWLQJ,1SRZGHUUHF\FOLQJLQ6/0SURFHVV
+RZHYHUSRZGHUUHF\FOLQJIRU/0'SURFHVVKDVQRWEHHQVWXGLHGE\PDQ\DXWKRUV&DUUROOHWDOSXEOLVKHG
DPHWKRGRORJ\ WR UHXVH:DVSDOR\WPSRZGHUDSSDUHQWO\ZLWKRXWFRPSURPLVLQJ WKH LQWHJULW\RI WKHPDQXIDFWXUHG
SDUWV6ORWZLQVNLHWDOKDYHGHYHORSHGDPHWKRGRORJ\EDVHGRQDQH[KDXVWLYHDQDO\VLVEDVHGLQYDULDWLRQRI
SK\VLFDODQGFKHPLFDOSURSHUWLHVRIVWDLQOHVVVWHHODQGFREDOWFKURPHSRZGHUDIWHUDFHUWDLQQXPEHURIF\FOHVRIXVH
LQDQHIIRUWWRGHWHUPLQHVWDQGDUGVIRUFKDUDFWHUL]LQJSRZGHUVXVHGLQDGGLWLYHPDQXIDFWXULQJ
2QWKHRQHKDQGSRZGHUUHXVHLVDKRWWRSLFIRU6/0EDVHGSURFHVVHVVLQFHSRZGHUFRVWLVVLJQLILFDQWO\KLJKHU
DQGWKHDPRXQWRIUHXVHGSRZGHULVDOVRPXFKKLJKHUWKDQ/0'SURFHVV
7KHUHIRUH WKLVZRUNVSUHVHQWV DPHWKRGRORJ\ WR UHFRYHU WUHDWLQJ DQG UHXVLQJ WKHQRQGHSRVLWHGSRZGHU LQ WKH
/0'SURFHVV7KLVPHWKRGRORJ\KDVEHHQDGDSWHGWRDQLFNHOEDVHDOOR\,1DQDOOR\ZLGHO\XVHGLQDHURQDXWLFDO
DQGHQHUJ\DSSOLFDWLRQV0HWDOOLFSRZGHUVKDYHEHHQUHXVHGXSWRIRXUWLPHVDQGDWHVWSDUWKDVEHHQEXLOWOD\HUE\
OD\HU7KHUHVXOWVREWDLQHGZLWKWKHWHVWSDUWVKRZDVRXQGPLFURVWUXFWXUHIURPUHXVHGSRZGHU
0DWHULDOVDQGPHWKRGRORJ\
2.1. Material 
7KHSUHVHQWPHWKRGRORJ\KDVEHHQSUHSDUHG IRURQHRI WKHPRVWXVHGVXSHUDOOR\V ,1ZLGHO\HPSOR\HG LQ
PDQ\DHURQDXWLFDODSSOLFDWLRQVVXFKDVVWXUELQHEODGHVFRPSUHVVRUEODGHVDQGFRPEXVWLRQFKDPEHUV,WLVDQLFNHO
EDVHG KHDW UHVLVWDQW DOOR\ GLIILFXOW WR IRUJH DQG PDFKLQH ,W LV FRQVLGHUHG D JRRG FDQGLGDWH WR EH SURFHVVHG E\
DGGLWLYHPDQXIDFWXULQJSURFHVVHVPRVWO\LQUHSDLULQJRSHUDWLRQVGXHWRWKHKLJKFRVWRIWKH,1FRPSRQHQWV7KH
/0'XQOLNHRWKHUPHWKRGVVXFKDV6/0UHTXLUHVDVXEVWUDWHRUEDVHWREHJLQWKHSURFHVVRIGHSRVLWLRQRIPDWHULDO
,QWKLVVWXG\WKHVXEVWUDWHRUVXSSRUWPDWHULDOKDVEHHQ&(VWHHO$QDWRPL]HG,1DOOR\SRZGHUIURP2HUOLNRQ
0HWFR&RPSDQ\0HWFRFODGSRZGHUZLWKVSKHULFDOVKDSHDQGSDUWLFOHVL]HUDQJLQJIURPWRPLFURQVKDV
EHHQVXSSOLHGDQGXVHG,WVFKHPLFDOFRPSRVLWLRQLVVKRZQLQ7DEOH
7DEOH&KHPLFDOFRPSRVLWLRQRI0HWFRFODGWPSRZGHU
(OHP $O & &R &U &X )H 0Q 0R 1E7D 1L 3 6 6L 7L
ZW              
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2.2. Equipment and laser parameters 
7KHSURFHVVLQJRIWKHGLIIHUHQWWHVWEORFNVKDVEHHQFDUULHGRXWZLWKWKHQH[WHTXLSPHQWDFODGGLQJFHOO$NWLQRV
ZLWK&1&FRQWURO HTXLSSHGZLWK D FRD[LDO/0'QR]]OH GHYHORSHG LQ WKH839(+88QLYHUVLW\ LQ SUHYLRXV
ZRUNV$PXOWLPRGH5RILQ)/ODVHUKDVEHHQLQFRUSRUDWHGWRWKHQR]]OHDVZHOODVDQDUJRQJDVIOX[UHJXODWRU
V\VWHP IRU SURWHFWLYH DQG SRZGHU GULYLQJ IXQFWLRQV )LJ  ,Q RUGHU WR DYRLG WKH IRUPDWLRQ RI SRURVLW\ RU
LQWHUPHWDOOLF FRPSRXQGV LQ WKH GHSRVLWHG EORFNV SUHYLRXV ZRUNV ZHUH GRQH WR RSWLPLVH ODVHU SDUDPHWHUV 7KH
SDUDPHWHUVKDYHEHHQHVWDEOLVKHGDVIROORZVLQ7DEOH
7DEOH/DVHUSDUDPHWHUVXVHG
3RZHU
:
6FDQQLQJVSHHG
PPV
3RZGHUIHHG
JUPLQ
6SRWGLDPHWHUPP 2YHUODSE\WUDFN

2IIVHWE\OD\HU
     

  
)LJD$NWLQRVHTXLSPHQWEGHWDLORIWKHFODGGLQJQR]]OH
2.3. Manufacture of test blocks  
)LYH WHVWEORFNV KDYH EHHQ SURGXFHGZLWK WKHPDWHULDO DQG FRQGLWLRQV SUHYLRXVO\ GHVFULEHG RQH WHVWEORFN IRU
HDFKLWHUDWLRQDVH[SODLQHGE\)LJQHZSRZGHUZDVXVHGWRVWDUWWKHORRSDWHVWEORFNZDVREWDLQHGIURPWKLVQHZ
SRZGHU DQG WKHZDVWHGSRZGHU IURP WKLV VWHSZDV WUHDWHG DV LW LV H[SODLQHG LQ WKHQH[W VHFWLRQ7KLV WUHDWHG
SRZGHU ZDV VXEVHTXHQWO\ UHLQWURGXFHG LQ WKH SRZGHUIHHGHU 7KH SURFHVV KDV EHHQ FDUULHG RXW ILYH WLPHV DQG
GLIIHUHQWWHVWVDPSOHV)LJKDYHEHHQREWDLQHGIURPWKHVHLWHUDWLRQV


)LJDVFKHPHRIWKHPHWKRGRORJ\GHVFULEHGEWHVWEORFNJHRPHWU\
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2.4. Powder recovery procedure  
7KHUHVHDUFKHUV LQ WKLVDUWLFOHKDYHVHHQ LQ(';DQDO\VLV UHVXOWVRISUHYLRXVZRUNV WKDWVRPHQRQGHSRVLWHG
SRZGHUOHVVWKDQLQPDVVUHDFWVZLWKWKHR[\JHQGXULQJWKHH[SRVLWLRQWRWKHODVHUEHDP5HQGHURV7KLV
SDUWLFXODU FKDUDFWHULVWLFKDV DOORZHGDSKDVH VHSDUDWLRQ VWHS DIWHU WKH UHFRYHU\RIQRQGHSRVLWHGSRZGHU DIWHU WKH
VLHYLQJVWHS
,QRUGHU WRFROOHFW WKHZDVWHGSRZGHU LQDSURSHUZD\FRQWDFWZLWKJUHDVHRURLOVPXVWEHDYRLGHG7KH ODVHU
PDFKLQHKDVEHHQHTXLSSHGZLWKDGHYLFHFRQVLVWLQJRIDSRO\PHULFWUD\ZLWKWKHZDOOVFRYHUHGZLWKDOXPLQLXPIRLO
ORFDWHG RQ WKH ERWWRP RI WKH FODPS WKDW IL[ WKH VXEVWUDWH )LJ  7KLV IRLO DFWV DV D SURWHFWLYH OD\HU DJDLQVW WKH
LUUDGLDWLRQKHDW FRPLQJ IURP WKH ODVHUGXULQJ WKHPDQXIDFWXULQJSURFHVV7KLV IRLO DYRLGV WRR WKHSRVVLEOH FURVV
FRQWDPLQDWLRQEHWZHHQWKHSRZGHUDQGWKHSRO\PHULFFRQWDLQHU1RGLIIXVLRQIURPWKHDOXPLQLXPIRLOWRWKHSRZGHU
LVH[SHFWHGEXWLQDQ\FDVHWKHDOXPLQLXPFRQWHQWRIUDZSRZGHULV7KHVWDQGDUGUDQJHIRUDOXPLQLXPHOHPHQW
FRQWHQWSHUFHQWDJHLVIRU,1
7KHVL]HDQGKHLJKWRIWKHWUD\LVVXIILFLHQWWRFROOHFWDOOSDUWLFOHVWKDWERXQFHIURPWKH]RQHRILQWHUDFWLRQRIODVHU
ZLWKSRZGHUDQGWKDWDUHQRWDGKHUHWRWKHVXEVWUDWHRUSUHYLRXVWUDFNV2QFHWKHSRZGHULVUHFROOHFWHGIURPWKHWUD\
LWLVVLHYHGDFFRUGLQJWR$670%E\DWWDFKLQJWKHVLHYHWRDYLEUDWLQJPDFKLQH)LJWRUHPRYHSDUWLFOHV
ZLWKDVL]HFRDUVHUWKDQPLFURPHWHUVDQGRWKHUFRQWDPLQDWLRQVVXFKDVWKUHDGVIURPWKHEUXVKWRVZHHSSRZGHU
IURPQRRNVDQGFUDQQLHV7KHȝPOLPLWRIVL]HRIVLHYHDQGQRWȝPFRXOGLQIOXHQFHWKHUHVXOWQHJDWLYHO\
KRZHYHUWKHREMHFWLYHZDVWRWHVWWKHUHFRQGLWLRQLQJLQDEURDGHUUDQJH
$IWHUVLHYLQJWKHSDUWLFOHVWKHGLIIHUHQWIUDFWLRQVREWDLQHGKDYHEHHQSRXUHGRYHUDKLJKSRZHUIXOSDUDOOHOSROH
SLWFKUHFWDQJOHSHUPDQHQWPDJQHWLFFKXFNIRUPLOOLQJPDFKLQHRIVLJQLILFDQWVXUIDFHDUHDDSSUR[[PP
7KLV GHYLFH KDV UHWDLQHG WKHPDJQHWLF IUDFWLRQ LQ WKH UHFRYHUHG SRZGHU PDLQO\PDJQHWLWH W\SH R[LGHV SURGXFHG
XQGHUWKHODVHULQWHUDFWLRQZLWKDWPRVSKHULFQRQUHPRYHGR[\JHQ

 
)LJDWUD\IRUSRZGHUUHFROOHFWLRQWRSYLHZEVLHYHVKDNHUZLWKPPGLDPHWHUVL]HWUD\VLQFDVFDGH
2.5. Test measurements and powder characterisation 
7KHFKDUDFWHULVDWLRQRIWKHUHFRYHUHGSRZGHULVFDUULHGRXWDIWHUHDFKLWHUDWLRQ,WKDVEHHQIRFXVHGRQWKHJUDLQ
JHRPHWULFDOSDUDPHWHUVDVVL]HDQGVKDSHPHDVXUHGE\RSWLFDODQGHOHFWULFDOPLFURVFRS\
7RNQRZKRZWKHGLVWULEXWLRQJUDQXORPHWULFGDWDYDULHVVL]HDIWHUHDFKUHXVLQJLWHUDWLRQIURPWKHILUVWVWDJHRI
VLHYLQJRWKHUFRXSOHGFDVFDGHVLHYHVDUHDGGHGRUGHUHGIURPWRSGRZQE\GHFUHDVLQJRUGHURIPHVKDQGDQDO\]LQJ
WKHIUDFWLRQRIWKHWRWDOPDVVUHWDLQHGE\HDFKWREXLOGDFXUYH7KHFXUYHLVFRQVWUXFWHGUHSUHVHQWLQJWKHSHUFHQWDJH
RIDFFXPXODWHGPDVVRQHDFKVLHYHYHUVXVWKHDYHUDJHSDUWLFOHGLDPHWHUFXPXODWLYHSHUFHQWSDVVLQJDFFRUGLQJWR
$670%
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7KH GXUDWLRQ LQ WLPH RI VFUHHQLQJ VWDJH LV QHFHVVDU\ WR QRW GHWHFW YDULDWLRQJUHDWHU WKDQ LQ WKH DPRXQW RI
SRZGHUPDVVUHWDLQHGE\HDFKWUD\
2QWKHRWKHUKDQGPLFURVWUXFWXUHRIWKHGHSRVLWHGPDWHULDOKDVEHHQDQDO\VHGZLWKRSWLFDOPLFURVFRSH&KHPLFDO
FKDUDFWHULVDWLRQRIWKHGHSRVLWHGPDWHULDOKDVEHHQPHDVXUHGE\D-HRO-606(0FRQILJXUHGZLWKDQHQHUJ\
GLVSHUVLYH;UD\DQDO\]HU('6V\VWHPLQWKHVDPSOHVGHSRVLWHGZLWKQHZSRZGHUDQGUHXVHGSRZGHUWRFRPSDUH
WKHP 7KH SRURVLW\ KDV EHHQ HYDOXDWHG E\ DQ LPDJH SURFHVVLQJ SURJUDP ,PDJH-5 FRQYHUWLQJ WKH LPDJH LQWR
ELQDU\IRUPDWEODFNDQGZKLWHDQGHYDOXDWLQJWKHDPRXQWRIEODFNSL[HOVWKDWUHSUHVHQWWKHSRUHV
2.6. Morphology and granulometry of powders  
0HWDOOLFSRZGHUKDVEHHQPHDVXUHGDWGLIIHUHQW VWHSV IURPUDZPDWHULDORU]HURXVHXS WR WKH ILIWKXVH LQ WKH
FODGGLQJSURFHVV)LJVKRZVWKHFXPXODWLYHFXUYHRIWKHJUDLQVL]HGLVWULEXWLRQDFFRUGLQJWR$670%IRU
WKHILYHLWHUDWLRQV7KHFKDQJHRIWKHVL]HRISDUWLFOHVFDQEHVHHQHVSHFLDOO\DIWHUWKHILUVWXVH,WLVFOHDUWKDWWKH
SRZGHURIORZHVWVL]HLVILUVWO\FRQVXPHG:HLJKWHGDYHUDJHRISRZGHUVL]HYDOXHVLQFUHDVHVLQHDFKVWHSIURP
LQWKHUDZPDWHULDOWRQHDUPLFURPHWHUVLQWKHODVWLWHUDWLRQ+RZHYHULWFDQEHVHHQWKDWWKHODVWWKUHHYDOXHV
DUHFORVHVRLWVHHPVWKDWDQHDUVWHDG\VWDWHDWWKLVJUDLQVL]HYDOXHFDQH[LVW



)LJDFXPXODWLYHFXUYHRIWKHSRZGHUVL]HGLVWULEXWLRQESRZGHUVL]HDYHUDJHYVUHXVLQJF\FOHV

7DNLQJ LQWR DFFRXQW WKH PRUSKRORJ\ RI WKH SDUWLFOHV REVHUYHG LQ WKH HOHFWULFDO PLFURVFRSH WKH QXPEHU RI
VDWHOOLWHVRUSURWXEHUDQFHVUHODWHGWRWKLVNLQGRISRZGHUGHFUHDVHVDIWHUHDFKLWHUDWLRQVOLJKWO\EXWWKHHIIHFWLVRQO\
DSSUHFLDEOH DIWHU VHYHUDO RI WKHP )LJ +RZHYHU YLVXDO LQVSHFWLRQ RI WKH SRZGHU VKRZV D GLPPLQJ DORQJ WKH
LWHUDWLRQSURFHVVHV VXUHO\GXH WR VXUIDFHDIIHFWDWLRQRI WKHSRZGHUE\ WKH ODVHU VRXUFH WKLV LV LPSRUWDQW VLQFHDQ
RSDTXHVXUIDFHDEVRUEVODVHUUDGLDWLRQRIPRUHHIILFLHQWO\FRQYHUWLQJLWLQWRKHDWDQGWHPSHUDWXUHIRUSRZGHU
$OVRVHHDVOLJKWLQFUHDVHLQDYHUDJHVL]HRISDUWLFOHVRISRZGHUFDQEHVHHQLQLPDJHVE\PHDQVRI6(0EXWDW
ILUVWJODQFH WKHVSKHULFLW\ LVQRWDIIHFWHGLW LVQHFHVVDU\ WRUHPHPEHU WKDW WKH ILUVW VWDJHRIVFUHHQLQJUHPRYH WKH
IUDFWLRQJUHDWHUWKDQPLFURQVLQFOXGLQJJOXHGSDUWLFOHFOXVWHUV

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
 
)LJ2SWLFDOPLFURVFRSHLPDJHDDWUDZPDWHULDOVWDJHEIRXUWLPHVUHXVHGHOHFWURQPLFURVFRSHLPDJHFDWUDZPDWHULDOVWDJHGIRXU
WLPHVUHXVHG
2.7. Chemical composition, microstructure and hardness  
7KH ('; DQDO\VLV FDUULHG RXW KDYH QRW UHSRUWHG VLJQLILFDQW GLIIHUHQFHV LQ WKH FKHPLFDO FRPSRVLWLRQV RI WKH
VDPSOHVQHLWKHULQWKHVDPSOH]RQHXSSHURUORZHUQRULQWKHLWHUDWLRQQXPEHUDQGRUUHXVHGDQG
)LJLQGLFDWHVWKHSHUFHQWDJHFKDQJHLQFRPSRVLWLRQRISRZGHU,1&2ZLWKUHVSHFWWRWKHRULJLQDOFRPSRVLWLRQ
7DEOH









)LJ&KHPLFDOFRPSRVLWLRQVRIGHSRVLWHGSDUWDWDQGUHXVHVDYHUDJHRIWKHXSSHUDQGORZHU]RQH
(UURU 
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3RURVLW\ VKRZV D VOLJKW LQFUHDVH LQ FODGGHG PDWHULDO DV WKH QXPEHU SRZGHU XVHV WR PDQXIDFWXUH WHVW EORFNV
LQFUHDVHV7DEOH7KHHIIHFWLVRQO\QRWLFHDEOHDIWHUVHYHUDOF\FOHVRIRYHUKDXO)LJ7KHUHLVQRWDQLQFUHDVHLQ
RWKHUGHIHFWVVXFKDVFUDFNVDQGWKHPRUSKRORJ\RISRUHVVSKHULFLW\DQGVL]HUHPDLQVFRQVWDQWRQO\WKHUHLVDQ
LQFUHDVHLQWKHQXPEHURIWKHP
 7DEOH&DOFXODWHGSRURVLW\LQFODGDVIXQFWLRQRIQXPEHURISRZGHUXVHV
7HVWEORFNUHIHUHQFH 3RURVLW\%
%XLOWIURPQHZSRZGHU 
%XLOWIURPWLPHVXVHGUHFRYHUHGSRZGHU 













)LJ%LQDU\LPDJHLQKLJKFRQWUDVWWRHYDOXDWHSRURVLW\RIWHVWEORFNVDEXLOWIURPQHZSRZGHUEEXLOWIURPWLPHVXVHGUHFRYHUHGSRZGHU
:

&RPSDULQJ WKHPLFURVWUXFWXUHV RI WKH VDPSOHV EXLOWZLWK UDZPDWHULDO DQG SRZGHU UHXVHG IRXU WLPHV RU ILIWK
LWHUDWLRQ)LJWKHLUVLPLODULW\FDQEHREVHUYHG7KHUHDUHQRGLIIHUHQFHVLQWKHJUDLQVL]HRUFRQVWUXFWLRQ,QERWK
FDVHVWKHSULPDU\GHQGULWHVSDFLQJLVVLPLODUDVZHOODVWKHJURZLQJGLUHFWLRQ


)LJ0LFURVWUXFWXUHRIWHVWEORFNVHWFKHGZLWK.DOOLQJ,,UHDFWLYHPLQXWHVDWURRPWHPSHUDWXUHWUDQVYHUVDOVHFWLRQDEXLOWIURPQHZ
SRZGHUEEXLOWIURPWLPHVXVHGUHFRYHUHGSRZGHU: 
7KHHYDOXDWLRQRIPLFURKDUGQHVVLQWKHORQJLWXGLQDOVHFWLRQIRUWKHGLIIHUHQWVHULHVRIWHVWSDUWLVVKRZQLQ)LJ
0LFURKDUGQHVVFKDUDFWHUL]DWLRQKDVEHHQPHDVXUHGE\0LFURGXURPHWHU)XWXUH7HFK)0$OOYDOXHVKDYHEHHQ
WDNHQXQGHUDORDGRIJZLWKGZHOOWLPHRIVHFRQGV7KHKDUGQHVVYDOXHVDUHLQOLQHZLWKWKRVHREWDLQHGLQ
DOOR\,QFRQHODIWHUKHDWWUHDWPHQW
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


)LJ9DOXHVRIKDUGQHVVLQEXLOWWHVWEORFNVDVIXQFWLRQRIQXPEHUSRZGHUXVHV 
7KHUHVXOWVREWDLQHGDORQJWKHFODGGHGVKRZDVOLJKWLQFUHDVHRIKDUGQHVVLQWKHGRZQ]RQHRIWKHWHVWSDUWLQWKH
DUHDQHDUWKHVXEVWUDWHKLJKHUYDOXHVRIHUURUEDUVIRUWKH)LJ7KLVHIIHFWLVVXUHO\GXHWRWKHGHILQHGODVHUSDWK
7KH ODVW OD\HUVGRQRWSUHVHQW WKHVDPH WKHUPDOKLVWRU\DV WKH ILUVW DQGPLGGOH OD\HUVZKLFKVXIIHUPRUH WKHUPDO
F\FOHV
&RQFOXVLRQV
7KLVZRUNKDVSHUPLWWHG WRJRIXUWKHU LQWR WKH LVVXHRI WKHUHFRYHULQJRIPHWDOOLFSRZGHUV LQ/0'SURFHVV$
SURFHGXUH KDV EHHQ HVWDEOLVKHG IRU D QLFNHO EDVHG DOOR\ ,1 EDVHG RQ WKH IRUPDWLRQ RIPDJQHWLF R[LGHV 7KH
VXLWDELOLW\RIUHXVLQJWKHSDUWLFOHVKDVEHHQVKRZQ,WKDVEHHQVHHQWKDWWKHEHVWSURFHGXUHIRUWKHWUHDWPHQWRIWKH
XVHGSRZGHUFRQVLVWVRQ WKHVLHYLQJDQGVHJUHJDWLRQRIPDJQHWLFSKDVHVZLWKRXWDQ\RWKHUFOHDQLQJVWHS ,Q WKLV
ZD\WKHIRUPDWLRQRIDJJORPHUDWLRQVRUFOXVWHUVLVDYRLGHGDQGWKHULVNRIXOWHULRUFORJJLQJRIWKHQR]]OHGHFUHDVHV
7KHVL]HRIWKHSDUWLFOHVWHQGVWRDVWHDG\YDOXHDVLWHUDWLRQVDUHFDUULHGRXW0RUHRYHULWKDVEHHQVHHQWKDWWKH
ILUVWXVHFRQVXPHVPRVWRIWKHVPDOOHVWVL]HIUDFWLRQVDQGFRQVHTXHQWO\WKHSRZGHUVL]HGLVWULEXWLRQJHWVQDUURZHG
7KHJHQHUDWHGPLFURVWUXFWXUHVDUHVLPLODUUHJDUGOHVVRIWKHQXPEHURIUHXVHVRISRZGHUWKHFKDQJHLQWKHVL]HRI
WKH SDUWLFOH VL]H DIWHU HDFK UHFRQGLWLRQLQJ ZKLOH PDLQWDLQLQJ WKH FRQGLWLRQV /0' SURFHVV HTXDO LQ DOO FDVHV
+DUGQHVVYDOXHVPHDVXUHGLQWKHWHVWSDUWEHIRUHWKHUPDOWUHDWPHQWDJUHHVZLWKYDOXHVREWDLQHGLQSUHYLRXVZRUNV
ZLWKSRZGHURIILUVWXVH
$FNQRZOHGJHPHQWV
7KHDXWKRUVZDQWWRWKDQN,QJ3+HUQDQGH]IRUKLVVXSSRUWLQWKLVUHVHDUFKZRUN6SHFLDOWKDQNVWRWKH,QGXVWU\
DQG &RPSHWLWLYHQHVV 6SDQLVK 0LQLVWU\ IRU WKH VXSSRUW RQ WKH '3,&5 785%2 3URMHFW DQG IRU
WHFKQLFDODQGKXPDQVXSSRUWSURYLGHGE\6*,NHURI839(+8DQG(XURSHDQIXQGLQJ(5')DQG(6)
5HIHUHQFHV
$UGLOD/&*DUFLDQGLD)*RQ]iOH]'tD]-%ÈOYDUH]3(FKHYHUULD$3HWLWH00'HIIOH\52FKRD-(IIHFWRI,15HF\FOHG
3RZGHU 5HXVH RQ 3URSHUWLHV RI 3DUWV0DQXIDFWXUHG E\0HDQV RI 6HOHFWLYH /DVHU0HOWLQJ 3K\VLFV 3URFHGLD 9ROXPH  3DJHV 
GRLMSKSUR
$UUL]XELHWD-,7DEHUQHUR,([HTXLHO5XL]-/DPLNL]$0DUWtQH]68NDU(&RQWLQXRXV&RD[LDO1R]]OH'HVLJQIRU/0'EDVHGRQ
1XPHULFDO6LPXODWLRQ3K\VLFV3URFHGLD(OVHYLHUGRLMSKSUR
%HQVRQ-06DIHW\FRQVLGHUDWLRQZKHQKDQGOLQJPHWDOSRZGHUV-6RXWK$IU,QVW0LQ0HWDOOYROSS,661
;
&DUUROO3$%URZQ31J*6FXGDPRUH53LQNHUWRQ$-6\HG:6H]HU+/L/$OOHQ-7KH(IIHFWRI3RZGHU5HF\FOLQJLQ
'LUHFW0HWDO/DVHU'HSRVLWLRQRQ3RZGHUDQG0DQXIDFWXUHG3DUW&KDUDFWHULVWLFV ,Q&RVW(IIHFWLYH0DQXIDFWXUHYLD1HW6KDSH3URFHVVLQJ
SS±0HHWLQJ3URF57203$973DSHU1HXLOO\VXU6HLQH)UDQFH572
(30$ (XURSHDQ 3RZGHU 0HWDOOXUJ\ $VVRFLDWLRQ ,1752'8&7,21 72 $'',7,9( 0$18)$&785,1* 7(&+12/2*< $ JXLGH IRU
'HVLJQHUVDQG(QJLQHHUV(XURSHDQ3RZGHU0HWDOOXUJ\$VVRFLDWLRQVW(GLWLRQZZZHSPDFRPDP6KUHZVEXU\8.
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.DPDUD$00DULPXWKX6/L/)LQLWH(OHPHQW0RGHOLQJRI0LFURVWUXFWXUH LQ/DVHU'HSRVLWHG0XOWLSOH/D\HU ,QFRQHO3DUWV
0DWHU0DQXI3URFHVV'2,
/LX=4L+0DWKHPDWLFDOPRGHOLQJRIFU\VWDOJURZWKDQGPLFURVWUXFWXUHIRUPDWLRQLQPXOWLOD\HUDQGPXOWLWUDFNODVHUSRZGHUGHSRVLWLRQRI
VLQJOHFU\VWDOVXSHUDOOR\3K\VLFV3URFHGLDS±GRLMSKSUR
3HWURYLF91LxHUROD53RZGHUUHF\FODELOLW\LQHOHFWURQEHDPPHOWLQJIRUDHURQDXWLFDOXVH$LUFU(QJ$HURVS7HF9RO,VVSS
±
5HQGHURV0*LURW)7DEHUQHUR,8NDU(/DPLNL]$7RUUHJDUD\$0HWDOOLFSRZGHUSDUWLFOHVUHF\FOLQJIRUODVHUPDWHULDOGHSRVLWLRQ
SURFHVV7,126UG,QWHUQDWLRQDO&RQIHUHQFHRQ6XVWDLQDEOH6ROLG:DVWH0DQDJHPHQW,QWHUQDOUHSRUWLQJ)DFXOW\RI(QJLQHHULQJRI
%LOEDR%DVTXH&RXQWU\6SDLQ
6ORWZLQVNL-$*DUERF]L(-6WXW]PDQ3()HUUDULV &):DWVRQ663HOW]0$&KDUDFWHUL]DWLRQRI0HWDO3RZGHUV8VHGIRU
$GGLWLYH0DQXIDFWXULQJ-RXUQDORI5HVHDUFKRI1,679ROXPHKWWSG[GRLRUJMUHV*DLWKHUVEXUJ0'
6WURQGO$/\FNIHOGW2%URGLQ+$FNHOLG8&KDUDFWHUL]DWLRQDQG&RQWURORI3RZGHU3URSHUWLHV IRU$GGLWLYH0DQXIDFWXULQJ-20
0DUFK9ROXPH,VVXHSS'2,V
7DEHUQHUR,/DPLNL]$0DUWtQH]68NDU()LJXHUDV-(YDOXDWLRQRIWKHPHFKDQLFDOSURSHUWLHVRI,QFRQHOFRPSRQHQWVEXLOWE\
ODVHUFODGGLQJ,QW-0DFK7RRO0DQX9ROXPH,VVXH-XQH3DJHV±GRLMLMPDFKWRROV
7R\VHUNDQL(.KDMHSRXU$/DVHUFODGGLQJ(G&5&3UHVV

